Summary: Infertility is a major reproductive and social problem with a worldwide prevalence of 10-15%. While 11.8-39.0% of infertility cases are attributable to the female, 15.8-42.4% is attributed to the male and 8.0-11.1% to unknown factors. The study investigated the efficacy of the single versus combined regimes of antioxidant vitamins C and E oral supplements on sperm motility in the reproductively matured Wistar rats. Twenty (20) male Wistar rats aged 12 weeks and weighing between 182g and 252g were randomly grouped into 4 experimental blocks (A-D) of 5 rats each. Block A rats were served combined daily dose of 90mg vitamin C and 15mg vitamin E, block B rats had no treatment and served as control, block C rats were served daily dose of 15mg vitamin E only while block D rats were served daily dose of 90mg vitamin C only; all treatments were administered for 28 days. On the 29 th day, the rats were humanely sacrificed and semen analyzed for sperm motility. The study showed that treatment with vitamins C and E as single regime significantly improved (p<0.01) the forward, progressive (category 'a') mean percentage sperm motility by 70 and 75 folds respectively while significantly decreasing (p<0.01) the nonprogressive (category 'c') mean percent sperm motility by 8 and 5 folds respectively compared to the control mean percent sperm motility. We therefore conclude that sperm motility in the Wistar rats is significantly improved with the separate oral supplements of vitamins C and E as compared with the combined supplements.
Introduction
One of the main reasons of mating between the male and female gender is to reproduce and produce like species. Reproduction in animals, including man, involves a chain of events with the resultant production of spermatozoa in the male and ova in the female from primordial germ cells (spermatogenesis and oogenesis respectively) (Stuart and Christoph, 2001) . Diminished or absent capacity of a couple to reproduce is regarded as infertility, a term which does not connote sterility, which is the complete inability to produce offspring (Block et al, 2007) .
Clinically, primary infertility is defined as the inability to achieve a recognizable pregnancy after 12 months of consistent, unprotected coitus; Secondary infertility is where a clinical pregnancy had occurred previously, but not in the last 12 months, while Voluntary infertility is where a couple or a party in the couple voluntarily interrupts the process of conception, despite regular, uninterrupted coitus (Guyton and Hall, 2003; Ericksen and Brunette, 2003) . The World Health Organization (WHO), on the other hand, defines infertility as the inability of a sexually active, non-contracepting couple to achieve pregnancy in one year (WHO, 2000) . Using a two year reference period, it defines primary infertility as the lack of conception despite cohabitation and exposure to pregnancy, while secondary infertility as the failure of conception following a previous pregnancy despite cohabitation and exposure to pregnancy in the absence of contraception, breast feeding or postpartum amenorrhea (WHO, 1991) . Etiologically, studies have shown that the contribution to infertility by female, male and unknown factors vary from country to country. Whereas in France, the figure stands at 39% for both sexes and 8% for unknown factor (Thonnaen et al, 1991) , in Ghana, 11.8% of infertility cases are due to female factor and 15.8% to male factor [Geelhoed et al, 2002] . In Nigeria however, female factor, male factor and unknown factor contribute 25.8%, 42.4% and 11.1% to infertility cases respectively (Ikechebelu et al, 2003) .
Infertility has African and worldwide prevalence of 10-20% and 10-15% respectively (Erickson and Brunette, 1996) . It is associated with social embarrassment and disappointment (especially among African men), emotional consequences (Mening, 1980) , family breakdown and violence against women (Ali and Bustamante-Gavino, 2007) . For a couple to be adjudged fertile, apart from the female, the male needs to produce healthy semen. WHO (1992) prescribed basic and minimum semen parameters for a fertile man to include: a semen volume of at least 2ml, pH of 7.2 to 8.0, sperm concentration of 20x10 6 sperm cells/ml of semen, sperm count of 40x10 6 spermatozoa per ejaculate, a minimum sperm motility of 50% with forward progression (categories a and b) or 25% with rapid progression (category a ) within 60 minutes of ejaculation, and White blood cell (WBC) content of no more than 1x10 6 /ml. Sexually transmissible infections (STIs) are said to be responsible for most cases of infertility in both sexes (Mayo clinic, 2006 , Tukur et al, 2006 , but specifically regarding infertility in the male, Okon et al, (2005) observed a high incidence of asymptomatic bacteriospermia among the male partners in northern Nigeria which they attributed to be a major factor in male infertility. Equally important is the observation by Aitken, (2006) that impaired spermatogenesis and spermatozoa deoxyribonucleic acid (DNA) defect arising from oxidative stress is mainly responsible for male infertility.
Perhaps, the most disturbing of these causal factors of male infertility is low quality of spermatozoa that lack efficient motility. Studies have shown that the oxidation of unsaturated fatty acids of sperm (spermatozoa are known to have high content of polyunsaturated fatty acids) by free radicals generated from oxidants (also known as toxicants) is the major cause of unhealthy sperm (Sheena, 2007) . Various chemicals implicated as reproductive toxicants, categorized as air pollutants are present in the blood, urine and semen of exposed men; these are known to affect sperm quality (Center for Disease Control and Prevention (CDC), 2001; Telisman et al, 2001 ). Infertile men have been known to have higher levels of reactive oxygen species (ROS), one of the free radical groups which damages sperm [Mayo clinic, 2006] . Similarly, Sokol et al, (2006) equally observed that idiopathic male infertility may be due to exposure to environmental toxicants that alter spermatogenesis or sperm function and that exposure to ambient ozone levels adversely affect semen quality with an inverse relation between ozone levels and sperm concentration.
The process of spermatogenesis can be disturbed by several factors ranging from genetic, environmental and nutritive factors to diseases that directly or indirectly affect it (Holstien et al, 1994; Nieschlag and Behre, 2001) . The lack of F-actin has been reported as a factor in the production of poor quality spermatozoa (Xiang and Wan, 2007) . F-actin is an essential factor in spermatid nuclear shaping. Worthy of note is the observation that a previously uncharacterized gene called spem-1 (spermatid maturation 1) is responsible for removal of residual bodies in the mouse testis. Lack of this gene is been noted to result in spermatozoa with bulky cytoplasm in the head and a kinked neck, usually with the tail piece wrapped around the neck [Huili et al, 2007] . Maintenance of this spermatogenetic process in mammals is dependent on specialized networks of gene expression programs in the testis called gonadspecific tumor activating factor 4b (TAF4b), a component of TFIID (formerly TAF II 105) which is a transcriptional regulator abundant in the mouse testis (Allison et al, 2005) . It was observed that young male mice that lacked Taf4b were initially fertile, but became infertile by 3 months of age and eventually exhibit seminiferous tubules devoid of germ cells.
Temperature is one of the environmental factors that affect spermatogenesis strongly (Sadler, 2004) . Normal spermatogenesis is impaired if the testis is maintained at the normal body 'core' temperature (as occurs in cryptorchidism or by the wearing of tight under wears (Lyndon and Bunge, 1994) . This is because the seminiferous tubule epithelium is sensitive to temperature variations. Thus, the testicular temperature is normally maintained at about 2 0 C and 8 0 C lower than the body temperature in man and rats respectively.
The presence or absence of some dietary substances, therapeutics, drugs, hormones and their metabolites, toxic substances or x-ray radiation may slow the spermatogenic process or even destroy sperm cells. Thus, vitamin/nutrient deficiencies (vitamins A, B, and E, Zinc), excess exposure to anabolic steroids, heavy metals (like cadmium and lead), radiation, dioxin, alcohol and infectious disease will adversely affect the rate of spermatogenesis. The consequence of such spermatogenic interference may be expressed in missing spermiation, reduced and/or malformed spermatid population, disturbance of meiosis and arrest of spermatogenesis at different stages (Adolf-Fredrich, Wolfang and Michail, 2003) .
The deleterious effects of environmental radicals are ameliorated by the use of antioxidants. Antioxidants are substances that prevent or reduce oxidation of compounds. Virtually all the toxicants that are known to cause diseases in the body act as oxidants, generating toxic radicals in the body. Enzymatic antioxidants, however, are said to confer protection from such damages [Mayo clinic, 2006] . Several nutrients that function as antioxidants act by preventing or reducing the generation of these radicals in the body. Vitamins C and E are two examples of such antioxidants.
Vitamin C (known also as ascorbic acid) has been shown to be effective in treating sperm agglutination (Dawson, Harris and McGavity, 1983) . 1g of daily oral vitamin C is said to help increase fertility in men who have problems with sperm agglutination, while among smokers, there was an improvement in sperm quality with vitamin C administration [Dawson, Harris and Powell, 1990] . In another report, vitamin C is said to protect sperm from oxidative damage(s) (Fraga et al, 1991) . A clinical trial has suggested that vitamin C might improve the sperm count, motility and even morphology in infertile men (Akmal et al, 2006) . Vitamin E, also known as α-tocopherol (α-TCP), on the other hand, is uniquely suited to intercept free radicals and prevent the chain reactions of lipid destruction. It plays a key role in protecting sperm by preventing oxidation of sperm's unsaturated fatty acids and thereby stabilizing their membrane. The study investigated the effect of and the efficacy of vitamins C and E oral supplements in the combined and single regimes on sperm motility.
Materials and methods

Acquisition and acclimatization of the rats
The research was carried out in the height of the dry season between the months of December 2007 and January 2008. Twenty (20) 7 weeks old virgin male Wistar rats were procured from the Animal house of the Pharmacology Department, University of Jos. They were housed in the Animal house of the College of Health Sciences, Benue state University, Makurdi (the research area) and reared for 5 weeks (for acclimatization and attainment of reproductive maturity) before the commencement of drug administration. During this period of acclimatization and subsequently, during the experimentation, the rats were exposed to ambient room temperature, 12-hour dark/light cycle, and liberal diet of growers mash and water ad libitium. Animal care and treatment were in conformity with international standards [National academy of sciences, 1996].
Experimental Design
Weighing between 182 and 252g, the rats were randomized through balloting, into four experimental blocks of A, B, C and D (using the completely randomized design), with each block housing 5 rats each. Similarly, treatments were randomly assigned to blocks as follows:
Block D---vitamin C administered at a dose of 90mg/day [Mark et al, 2001] ; Block B---no treatment and thus, served as Control; Block C---vitamin E administered at a dose of 15mg/day [Food and Nutrition Board, 2000] ; Block A---combined vitamin C and E administered as per doses indicated for blocks D and C respectively. Treatments were administered orally for 28 days (4 weeks).
Drug Preparation and Administration on Rats
The drugs used in the research work as treatments were:
Commercial vitamin C procured in the form of Citramin® drops and Juhel® tablets respectively. The Citramin® vitamin C was procured as a drop of 15ml with a concentration of 100mg/ml, while the Juhel® vitamin C tablets was procured at a concentration of 100mg/tablet. To orally administer 90mg vitamin C/day [Mark et al, 2001] on the rats, a suspension of 4,500mg/15ml vitamin C suspension was prepared by crushing 30 tablets (3000mg) of Juhel® vitamin C into powder and mixing same with the 15ml of the Citramin® suspension. The new suspension has a concentration of 90mg/0.3ml. Each of the rats in blocks A and D was administered 0.3ml of the prepared suspension.
Good N natural® vitamin E, the commercial form of α-Tocopherol, was procured as a gelatinous capsule with a gel volume of 1ml, with a concentration of 666.7mg/ml. Therefore, 0.03ml of the Good N Natural® vitamin E gel contains 15mg of α-TCP. Each rat in blocks A and C was orally administered 0.03ml of Good N natural® vitamin E [RDA, 2000] .
Dissection of Rats:
Rat dissection was conducted in the Multipurpose Physiology Laboratory of the College of Health Sciences, Benue State University, Makurdi. On the 29 th day of the experiment (1 st day post drug administration), each rat was sacrificed humanely by the stunning method following which the rat was subsequently strapped astride on its back on a dissecting board. A clean incision was made on the right scrotum with a clean blade. With moderate dissection, the right testis was mobilized, exposed and removed with its ipsilateral epididymis into a beaker. The semen was milked out of the epididymis into the beaker placed in the water bath at 36 0 C.
Semen Analysis:
Manual seminal analysis [Cheesbrough, 2000] was used to analyze the semen for motility. A drop of semen (about 10-15µl) was collected using a dropper and applied on a clean slide. The slide was covered with a cover slip and then examined for motility under x40 objective lens. Note is made of the number of spermatozoa that are motile and the nature of such motility out of a population of 20 spermatozoa (motility type is categorized into 'a'-rapid, progressive motility, 'b'-slow or sluggish, progressive motility, and 'c'-non-progressive motility/immotile [WHO, 1999; Nwafia et al, 2005] ). Counts obtained of the motile spermatozoa are multiplied by 5 to obtain the percentage motility in each category. Thereafter, the rats' remains were disposed by burial to prevent any hazard to health.
Results
All the mean values obtained were presented as mean ± standard error of mean (SEM) with accepted significance level at 95% probability (p=0.05). Analysis of variance (ANOVA) was used to test for significance of means while the least significance difference (LSD) was used to compare difference between significant means.
The results of semen analyses for motility are as shown in figure 1 and tables 1, 2, 3 and 4 respectively. The mean percentage sperm motility category 'a' for rats in experimental blocks A, B, C and D respectively were 4 ± 5.2%, 1 ± 2.85, 75 ± 6.2%** and 70 ± 15.2%**; the mean percentage sperm motility category 'b' for blocks A-D rats were 20 ± 23.2%, 14 ± 6.8%, 14± 5.2% and 12 ± 3.4% respectively. For category 'c' sperm motility, the mean percentage sperm motility were 78 ± 22.6% for block A rats, 85 ± 8.8% for block B rats, 11 ± 10.2%** for block C rats and 18 ± 17.9%** for block D rats. 12±3.4 18±17.9
Fig. 1: Sperm motility in rats treated with vitamins C and E
Discussion
Infertility is a significant social and marital problem with a rising trend worldwide (Tina et al, 2000; Nwafia et al, 2006) which has always attracted the attention of clinicians and researchers alike, possibly because it touches on one of the fundamentals of human existence. There have been several attempts at ameliorating the impact of infertility through the use of food/herb, chemical/drugs and even spiritual means to improve the reproductive capacity of couples. Recently, procedure like invitro fertilization is been embarked upon for the same purpose of improving fertility among couples. For the many in the society, such procedure may be unaffordable. Thus, the search for cheaper means of managing infertility has become very imperative. This accounted for the use of vitamins C and E, which otherwise, could be termed as food supplements.
Infertility intervention can only be effective in the presence of the right reproductive/physiological age and body weight (it has been shown that overweight with its attendant hypercholesterolaemia is known to cause testicular atresia in rats (Shalaby et al, 2004) , maturation of the accessory reproductive glands (like the pancreas, thyroid, the adrenals) and the availability of essential macro-and micronutrients. The rats used in this study were 12 weeks of age and had a mean weight of 214 ± 9.8g. Studies done elsewhere used rats with similar weights (Andrew and Josiah, 2008) .
The male factor contribution to the incidence of infertility is significant at 15.8-42.4% (Ikchebelu, 2003) . The causes of male infertility could be infective and/or non-infective. These non-infective agents (like testicular torsion, varicocele, chronic malnutrition of macro/ micronutrient types and exposure to toxins of both chemical and radioactive type among others) are particularly noted to affect spermatogenesis. Chemical toxins known to be present in the environment in the form of oxidants have been known to harm cells with high mitotic index like the sperm cells (Sram et al, 1996) . In the early and immature sperm cells, these radicals have the ability to interrupt the methylation of DNA (Aitken, 2006) while at same time, causing structural damage to such cells through the oxidation of their fragile polyunsaturated fatty acids. These result in the production of unhealthy sperm cells.
The study focused on the efficacy of the combined oral vitamin C and E supplements compared with the single supplement on the sperm motility of the Wistar rats. The findings of this study showed that there was a 70 and 75 fold increase in the rapid and progressive (category 'a') sperm motility due to treatment with separate oral supplements of vitamin C and E respectively above that of the control (tables 3 and 4, fig 1'a' category) .
The separate vitamin treatment also significantly reduced the non-progressive/immobile (category 'c') sperm motility by 8 and 5 fold respectively when compared to that of the control block. The combined vitamin supplements however, showed no significant effect on sperm motility in any of the motility categories.
These findings are supported by those of Shalaby et al (2004) where they showed that the administration of α-TCP or Simvastastin (an antihyperlipidaemic and antioxidant agent) as sole supplement caused an improvement in seminal fluid indices like motility, but they observed a remarkable improvement of these indices when α-TCP and Simvastastin are co-administered together. Other studies done with vitamin C only supplement that lends credence to the findings of this study are those of Dawson et al (1983 Dawson et al ( , 1990 and Akmal et al, (2006) which showed that vitamin C administration improve sperm motility, count and morphology. Similarly, Yarube et al, (2008) and Afolabi et al, (2008) in their separate studies with vitamins C and E showed that the antioxidant effects of these vitamins were more remarkable when used as separate supplements, with improvements in sperm counts and related indices. The later author particularly noted that co-administering these vitamin supplements showed no significant effect on any of the sperm indices; a finding similar to that of this study evidenced by the low mean % active sperm motility as seen in table 1.
The observed effects of vitamin C on sperm motility appear to be related to cellular enzymatic activities of the vitamin, which are both antioxidant and non-antioxidant. Vitamin C is crucial to the formation of quality sperm DNA by acting as a coenzyme in the methylation of DNA. A healthy spermatozoon is a function of healthy DNA. Acting as antioxidant, vitamin C prevents mitochondrial respiration defects arising from oxidative stress (Kazuto et al, 2006) . It is worthy of note that the sperm motility is highly dependent on the quantity and quality of mitochondria in the tail segment. Its been observed that vitamin C specifically acts as coenzyme mediating the reduction of oxidized components of the Cu 2+ and α-keoglutarate-linked Fe 2+ containing hydrolases in the body (Robert, Darl and Victor, 2006) as well as acting as a kinase inhibitor (Juan et al, 2004) . These actions of vitamin C could have contributed in one way or the other to the observed outcome on sperm motility.
Vitamin K, on the other hand, acts solely as antioxidant by trapping free radicals in the body and in turn, forming tocopheroxy radical. This action is greatly enhanced by vitamin C as it reduces the tocopheroxyl radical, thereby regenerating vitamin E. Inferentially, the effect of the combined supplements of vitamins C and E on sperm motility should be significantly better than that of any of the single supplements. However, the findings of this study suggest the contrary. No possible explanation can be giving for this yet. This calls for more studies on the subject matter, especially in higher animals.
In conclusion, the study showed that the separate oral supplements of the antioxidant vitamins C and E are significantly improved sperm motility as an index of sperm quality in the Wistar rats better than the combined supplements.
